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Description 

APPARATUS FOR AN INTERNAL 
COMBUSTION ENGINE 

CROSS-REFERENCE TO RELATED APPLICATIONS: 

[0001] The present application is a continuation patent application of International 
Application No. PCT/SE02/02293 filed 1 1 December 2002 which was 
published in English pursuant to Article 21(2) of the Patent Cooperation 
Treaty, and which claims priority to Swedish Application No. 0200314-3 
filed 4 February 2002. Both applications are expressly incorporated herein 
by reference in their entireties. 

TECHNICAL FIELD 

[0002] The present Invention relates to an apparatus for delivering EGR gas to 
combustion spaces in a multi-cylinder, four-stroke internal combustion 
engine. Each cylinder has an associated piston and at least one Inlet 
valve and at least one exhaust valve for controlling the connection 
between the combustion space in the cylinder and an intake system and 
an exhaust system, respectively. A rotatable camshaft Includes a cam 
curve or profile that is configured (designed) to Interact with a cam follower 
for operating the exhaust valve during a first opening and closing phase. 

BACKGROUND ART 
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[0003] The recirculation of exhaust gases, or so-called EGR (Exhaust Gas 

Recirculation), is a widely known method in which a proportion of the total 
exhaust gas flow from the engine is recirculated for mixing with intake air 
to the engine cylinders. This makes it possible to reduce the quantity of 
nitrogen oxide in the exhaust gases. 

[0004] This recirculation usually occurs via shunt valves and lines extending on 
the outside of the engine, from the exhaust gas side to the intake side. In 
some cases, it is desirable, for reasons of space, to be able to achieve 
EGR mixing without such arrangements. For this purpose it has been 
proposed to achieve EGR mixing by using the usual engine inlet and 
exhaust valves for the return flow of exhaust gases from the engine 
exhaust manifold to the cylinders, and which is commonly referred to as 
Internal Exhaust Gas Recirculation (lEGR). The return flow can, in this 
case, be achieved by an additional opening of a valve, for example the 
exhaust valve, during the engine operating cycle. 

[0005] In the case of supercharged diesel engines, however, it may be difficult to 
supply sufficient excess pressure on the exhaust gas side upstream of the 
turbocharger to transfer EGR gases to the intake side downstream of the 
compressor. However, there are pressure pulses on the exhaust gas side, 
while the inlet pressure is significantly more even. This means that the 
pressure peaks on the exhaust gas side can be higher than the inlet 
pressure even though the mean value is lower. If the exhaust valve is 
opened at such a time of peak pressure during the engine induction 
stroke, exhaust gases flow back into the cylinder. 
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[0006] The use of a two-position valve clearance, for example, a mechanically 
adjusted valve clearance combined with a hydraulically adjusted zero- 
clearance, which can be activated/deactivated according to the engine 
operating situation, switching between positive engine power output and 
engine braking (decompression brake), for example, is already known. 
The additional valve travel which is then activated/deactivated may then 
be masked by the mechanically adjusted valve clearance, but will appear 
when zero-clearance is activated. Use of this method may also be 
considered in order to activate/ deactivate an additional valve travel in 
order to obtain EGR. 

[0007] 

The mechanical valve clearance is on the order of 1-3 mm in a typical 
engine for a heavier road vehicle or truck, for example. The result of this, 
however, is that the main valve travel needs to have long rise and fall 
gradients in an order of magnitude at least equal to the mechanical valve 
clearance. These long gradients are required in order to avoid knocking in 
the mechanism at the start of the valve travel and to avoid excessively 
high valve seat landing speeds at the end of the valve travel for both 
activated and deactivated zero-clearance adjustment. This also means 
that the main valve travel remains unchanged when the zero-clearance 
adjustment is activated/deactivated. If the main valve lift has been 
optimized for operation with EGR activated (zero-clearance activated), for 
example, the main lift will no longer be optimal when EGR is deactivated 
(large mechanical clearance), which has a negative effect on the ability of 
the turbocharger to supply the engine with charge air in critical operating 
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situations. The long gradients also pose a problem in the case of zero- 
clearance since the exhaust valve travel commences immediately after 
maximum cylinder pressure has occurred and this results in extremely 
high stresses in the valve mechanism in order to open the valve in 
opposition to high cylinder pressure. 

[0008] It is desirable that apparatus for achieving additional openings of valves 
should not extend significantly in a longitudinal direction in the space that 
is available for the engine valve mechanism. For example, the high 
compression ratios that occur in modern diesel engines mean that the 
valve mechanism must be designed for very high contact pressure. 
Furthermore, engines of this type may be equipped with some form of 
compression brake that needs space for actuators. Apparatus for exhaust 
gas recirculation (EGR) should therefore not encroach on any 
compression brake system. The facility for easy engagement and 
disengagement of the function is also desirable. 

DISCLOSURE OF INVENTION 

[0009] 

An object of the present invention is to provide an apparatus which 
permits exhaust gas recirculation (EGR) in an internal combustion engine 
within the functional constraints described above. The invention 
employees a cam curve designed to interact with a second cam follower 
during a second opening and closing phase. This phase is phase-offset in 
relation to the first aforementioned opening and closing phase and means 
that the cylinder can by simple means be connected to the exhaust 
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system during the induction stroke, once tlie exhaust stroke is completed. 
As a result, the full cam lift does not have to be repeated when the second 
cam follower follows the camshaft cam, and it therefore being possible for 
an upper part of the camshaft cam to perform the required additional lift for 
the EGR flow. 

[0010] In one exemplary embodiment of the invention, the cam curve 

advantageously has a first rising gradient for interaction with the first cam 
follower during the first opening phase of the exhaust valve and a second 
rising gradient for interaction with both cam followers during both opening 
phases of the exhaust valve. The cam curve advantageously also has a 
first and a second falling gradient essentially corresponding to the rising 
gradients. 

[001 1] In a further exemplary embodiment of the invention, the two cam followers 
are mounted on a pivotal (pivot) arm. In this case, the arm may form a 
cam follower which is located below the cylinder head and is designed to 
act indirectly on the exhaust valve. Alternatively, the arm may form a 
rocker arm which is located in the cylinder head and is designed to act 
directly on the exhaust valve. 

[0012] In both of these variants, the arm may be provided with a pivotally 

supported secondary arm that can be shifted between an inactive position 
and an active position, and which supports the second cam follower. The 
secondary arm may in this case be shifted hydraulically between the two 
positions by means of a hydraulic piston. When the second cam follower is 
activated/deactivated, the movement of the first cam follower toward the 
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camshaft cam remains unaltered in respect of the valve main lift while the 
second cam follower in the active position in contact with the camshaft 
cam causes the valve to perform an additional travel. 

[0013] According to an advantageous exemplary embodiment of the invention, 
the hydraulic piston is connected to a hydraulic fluid source via a 
controllable non-return valve. This is suitably designed so that in one 
operating position the hydraulic fluid can flow in both directions; and in the 
event of a hydraulic pressure in excess of a specific value, the non-return 
valve is switched to a second operating position which prevents a return 
flow of hydraulic fluid, the secondary arm being locked in relation to the 
arm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The invention is described in greater detail hereinbelow, with reference to 
exemplary embodiments depicted in the accompanying drawings, in 
which: 

[0015] Fig. 1 is a graphical representation of valve functions and pressure ratios 
in an internal combustion engine with EGR configured according to the 
teachings of the present invention; 

[0016] Fig. 2 is a diagrammatic view of a valve mechanism configured according 
to a first embodiment of the invention, for performing the exhaust gas 
recirculation according to Fig. 1; 

[0017] Figure 3 is a cross-sectional view taken along the line 3-3 in Fig. 2; and 
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[0018] Fig 4 is a diagrammatic view of a valve meclianism configured according 
to a second variant (embodiment) of ttie invention. 

MODE FOR THE INVENTION 

[0019] The diagram shown in Fig. 1 illustrates, by means of curve A, the variation 
in pressure in the cylinders of an engine during an operating cycle of a 
four-stroke diesel engine. Curve B shows pressure variations on the intake 
side of a six-cylinder engine. Curve C shows how the pressure varies on 
the exhaust gas side of the same engine during the operating cycle (split 
exhaust manifold). Curve D shows the lift curve for the intake valve during 
the operating cycle and curve E shows the lift curve for the exhaust valve 
during the operating cycle. It should be appreciated that the y-axis of 
curve A is situated far to the left of the diagram. Curves B, C, D and E 
have their y-axis in the right-hand part of the diagram. 

[0020] It will be apparent from the diagram of Fig. 1 that the exhaust valve, which 
has its normal lifting movement in the angular Interval between 
approximately 110° and approximately 370°, also has an additional lifting 
movement which occurs in the interval between approximately 390° and 
approximately 450". The pressure on the exhaust gas side (curve C) 
exhibits its highest pressure value in this interval. This pressure pulse 
derives from the exhaust gas discharge from the following cylinder in the 
engine firing order and is therefore used to force EGR gas back into this 
cylinder just emptied of exhaust gases. 

[0021] 

The valve mechanism shown in schematic form in Fig. 2 is located in a 
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cylinder head and comprises double exhaust valves 10 with valve springs 
11 and a common yoke 12. 

[0022] The yoke is acted upon by a rocker arm 13, which is pivotally supported 
on a rocker arm shaft 14. On one side of the shaft 14, the rocker arm 13 
has a valve pressure arm 15 and on the other side a cam follower arm 16 
that is provided with a first cam follower in the form of a rocker arm roller 

17 which normally interacts with a camshaft 18. The cam follower arm 16 
is moreover provided with a secondary arm 19 that is pivotally supported 
at the outer end of the arm and is provided with a second cam follower in 
the form of a second rocker arm roller 20. 

[0023] The secondary arm 19 can be shifted between an inactive position and an 
active position by means of a hydraulic piston 21 located in the rocker arm 
as will be described in more detail below with reference to Fig. 3. 

[0024] In the inactive position (not shown in Fig. 2), the cam 23 of the camshaft 

18 acts upon the rocker arm 13 solely by way of the rocker arm roller 17. 
In the active position (as shown in Fig. 2), the camshaft cam 23 also acts 
on the rocker arm 1 3 by way of the second rocker arm roller 20. The 
geometry, that is to say the length and the angle of the secondary arm 1 9, 
is configured so that in the active position, the rocker arm is activated by 
the camshaft cam 23 at the desired phase angle; exemplarily, at 
approximately 80-1 10 degrees later in the direction of rotation of the 
camshaft 18. The angle of the active position of the secondary arm 19 can 
be adjusted by means of a stop 24. A compression spring 25 is inserted 
between the cam follower arm and the secondary arm, in order to bring 
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the secondary arm to bear against the end of the hydraulic piston. 

[0025] In order to produce two separate lifting movements in an economical 

manner using one and the same camshaft cam 23, the latter (see Fig. 1, 
curve E) has a first rising gradient 23a for interaction with the first pressure 
roller 17 during the first opening phase of the exhaust valve, and a second 
rising gradient 23b for interaction with both of the pressure rollers 17, 20 
during both opening phases of the exhaust valve 10. In addition, the cam 
curve 23 has a first and a second falling gradient 23c, 23d essentially 
corresponding to the rising gradients 23a, 23b. 

[0026] The lift curve is characterized in that the lifting speed increases markedly 
after the first rising gradient 23a. Thereafter, the lifting speed declines and 
the second rising gradient 23b has a moderate lifting speed. After the 
upper rising gradient 23b, the lifting speed again increases before then 
diminishing to zero at maximum valve lift. With regard to the downward 
course of the lifting curve, the closing speed only increases after 
maximum valve lift, and before then being reduced to a lower closing 
speed at the upper falling gradient 23c. After the falling gradient 23c, the 
closing speed again increases before being reduced again at the lower 
falling gradient 23d, finally reaching zero when this second gradient ends. 
A rising gradient is used when the clearance in the mechanism between 
cam curve and valve is reduced to zero in connection with the impending 
valve opening. A falling gradient is used in connection with the valve 
landing on the valve seat. 

[0027] Control members of the hydraulic piston 21 can be seen from Fig. 3, which 
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is a section tlirough the rocker arm 13 along the line 3-3 in Fig. 2. This 
shaft is provided with a duct 26, which connects with a duct 27 in the 
rocker arm and supplies oil pressure to the pressure cylinder 21 of the 
hydraulic piston via a controllable non-return valve 28. 

[0028] The non-return valve 28 acts as a controllable non- return valve. The 

spring 34 presses a ball 31 against a seat 30. A second spring 29 presses 
on an operating piston 33 and the spring force In the spring 29 is greater 
than in the spring 34. This means that at a low hydraulic pressure, the 
spring 29 and the operating piston 33, with its neb-shaped end section 35, 
press the ball 31 away from the seat 30 and the hydraulic fluid can flow in 
both directions. In the event of a hydraulic pressure in excess of a certain 
specific value, this pressure acting on the operating piston 33 overcomes 
the force from the spring 29 and the operating piston 33 Is pressed against 
the stop 32. The hydraulic pressure also manages to press the ball 31 
away from the seat 30 and passes to the hydraulic piston 21 so as to shift 
this to the outer position. 

[0029] When the hydraulic piston 21 has reached its outer position defined by the 
stop screw 24, the hydraulic flow past the ball 31 ceases. The spring 34 
then presses it against the seat 30 and the seal between ball 31 and seat 
30 prevents any return flow of hydraulic fluid. The secondary arm 19 is 
then locked in relation to the cam follower arm 16. 

[0030] The non-return valve 28 is therefore designed to be deactivated (to permit 
flow in both directions) in the event of hydraulic fluid pressure in the 
hydraulic fluid duct 26, 27 less than a specific value. The non-return valve 
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28 is designed to be activated (to permit flow in only one direction) in the 
event of a hydraulic fluid pressure in the hydraulic fluid duct in excess of 
the aforementioned specific value. This means that the hydraulic piston 21 
can be pushed out by the hydraulic pressure when the secondary rocker 
arm 19 is not in contact with the camshaft cam 23, but can be blocked in 
the reverse direction of the non-return valve when the camshaft cam is in 
contact with the secondary rocker arm 19. By controlling the pressure in 
the duct 26, the secondary arm can accordingly be brought by the 
hydraulic piston 21 to assume an active position in which the rocker arm 
13 and the secondary arm are hydraulic locked to one another. When the 
pressure increases again, hydraulic fluid can be released from the 
hydraulic piston 21 back to the duct 26. 

[0031] In an engine which is equipped both with the system of exhaust gas 
recirculation (EGR) described above and a conventional compression 
brake of the type, for example, described in the published patent 
application SE 470363, two separate lubricating oil supplies are required 
to a rocker arm having two different non-return valves 28 as described 
above. 

[00321 

Fig. 4 shows a variant of the valve mechanism in which a cam follower 36 
is mounted below the cylinder head on a shaft 37. The valve yoke 12 is 
acted upon by way of a push rod 38 and a rocker arm 39. In the same way 
as is provided by the exemplary rocker arm 13 in Fig. 2, the cam follower 
36 of Fig. 4 is provided with a secondary arm 19 with pressure roller 20. 
The secondary arm 19 can, in the manner described above, shift between 
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an inactive position and an active position under tiie action of the 
liydraulic piston 21 . 

[0033] Tlie present invention should not be regarded as being limited to the 
exemplary embodiments described above, but a number of further 
variants and modifications are contemplated as being feasible and still 
within the scope of the patent claims. For example, the second cam 
follower 20 may be operated in some way other than via a pivotal arm 19, 
for example by a linear movement, and this movement need not be 
performed hydraulically, but may be achieved by electrical or mechanical 
means. 



